The importance of aquatic food chain bioaccumulation of organic chemicals in contributing to human dose is derived. It is shown that for chemicals with log octanol water partition coefficients greater than about 3, the role of food chain transfer to fish consumed by humans becomes the more dominant route over drinking water. Modeling of aquatic food chain bioaccumulation then becomes necessary to accurately estimate dose of such chemicals to humans. The relevant time and space scales for groundwater and surface water also indicate a division of organic chemicals at a log octanol water partition coefficient of about 3. For chemicals greater than that level, groundwater transport is minimal, while for chemicals with log octanol water coefficients of less than about 3, detention times are long relative to surface water and biodegradation processes become more significant. An illustration is given of modeling the groundwater transport of two organic chemicals (BCEE and benzene) and a metal (chromium) at a Superfund site. The model indicates that after 10 years only a relatively small fraction of the chemicals had traveled in the groundwater about 300 m to the point of release from the site to surface water. On the other hand, steady state in the adjacent stream and lake is reached rapidly over a distance of 2000 m, illustrating the difference in spatial and temporal scales for the groundwater and surface water. -Environ Health Perspect 103(Suppl 5): 53-57 (1995) 
Introduction
The basic problem in the management and control of organic chemicals in aquatic systems is the prediction of the effectiveness of proposed remedial actions. The effectiveness of such actions is, of necessity, measured against a specific target water quality concentration or a target acceptable level of chemical intake by humans. Credible predictions of remedial action effectiveness must be based on credible understanding of processes that contribute to chemical fate, transport, and accumulation. Mathematical models of the key features of chemical behavior in aquatic systems can often be of significant value in providing quantitative predictions of proposed environmental controls. Mathematical models can also be used to delineate the boundaries of chemical problem contexts to aid decision making and research efforts. For example, the relative importance of organic chemical dose to humans from drinking water or from consumption of contaminated aquatic foodstuffs can be described with a modeling framework. Also, the substantive differences between chemical fates in groundwater and surface water systems can be evaluated together with the temporal and spatial conditions under which specific processes are relevant. This paper addresses these latter two issues: the range of organic chemicals for which aquatic food web bioaccumulation is significant, relative to drinking water, in evaluating the allowable dose for protection of human health; and the relevant time and space scales of organic chemical fate in groundwater and surface water and the significance of processes such as chemical partitioning and biodegradation at such scales in the respective water systems. The issues are evaluated through use of a general modeling framework [7] where m is the solids concentration (mg/l) or bulk density and 4 is the porosity. For linear partitioning, the fraction of chemical in dissolved form (fd) and in particulate form (fp) is then fd= ( [10] Groundwater systems have high concentrations of fixed solids and low concentrations of organic carbon relative to surface water, with relatively low concentrations of moving solids. Assume that groundwater contains solids of 1,750,000 mg/l (i.e., bulk density of 1.75 kg/l, for solids with a density of 2.5 g/cm3 and a porosity of 0.3) and has an fo of 0.01 and that surface water has solids concentrations of 10 mg/l, a porosity of 1.0, and an oc of 0.1; the relationship given by Equation 10 is shown in Figure 3 . with Figure 3 and  Equation 11 , it can readily be concluded that chemicals with log Kow greater than about 3 will not be transported any significant distances in groundwater. (That is, for log Kow greater than 3,fdg approaches 0 ( Figure 3 ); Equation 1 lb shows that the dispersion and advection of such chemicals in groundwater is minimal.) Such chemicals in groundwater will therefore tend to remain where placed. On the other hand, for surface water, all chemicals are transported with the prevailing dispersion and advective mechanisms. The net result is summarized in Figure  4 , which shows the approximate time to travel a given distance from a discharge location for groundwater and surface water. Again, a clear dividing region exists where chemicals with log Kow greater than about 3 do not move beyond about 1000 m over a period of 100 years. Figure 5 shows some data on biodegradation rates as a function of log Kw. The data drawn from several sources (8) (9) (10) (11) (12) are not exhaustive and are only illustrative. Both surface water and groundwater are included, and the largest fraction of the data is from the pesticide chemical group. The variation and scatter are large and the relationship is statistically poor (r2 = 0.14, p= 0.008), but it does tend to indicate a general downward trend with increasing Kow Comparing Figures 4 and 5 , it can be seen that for surface water biodegradation half-lives of greater than about a month will not significantly degrade in the normal time it takes for water to move through surface water. Conversely, for groundwater, with the long detention times over short distances, the effectiveness of a process such as biodegradation is greatly enhanced.
Illustration: Groundwater-Surface Water Superfund Site Chemicals were dumped at a site in southern New Jersey (the Lipari Superfund site), which subsequently contaminated an aquifer, local streams, and a nearby lake and also volatilized organic chemicals (e.g., benzene) from a marsh, which was fed by the groundwater and interacted with a surface stream (13.14) . Preliminary modeling was conducted to determine principal routes of transport and loadings to the stream and the atmosphere (15). quently discharges into Alcyon Lake, about 300 m downstream. The flow field shown in Figure 6 predates the installation of a slurry wall to reduce the emission of chemical from the area. Figure 7 shows an illustrative calculation for three chemicals: bis(2-chloroethyl)ether (BCEE), benzene, and chromium. For BCEE and benzene, respectively, log KW values are 1.6 and 2.1 and partition coefficients are 0.2 and 0.7 for fraction organic carbon of 0.005. The results shown in Figure 7 behavior for a segment (about 300 m from the dump site) in the marsh region adjacent to Chestnut Branch. As indicated, after 10 years of release at the dump site, the concentrations are still far below equilibrium values, and the retardation of the chemicals as a function of partitioning is evident. It is also clear that chemicals with log Kow of 3 or greater would not move any significant distance at all in this setting. Thus, after 10 years, a relatively small fraction (but still of concern) of the chemicals had traveled only about 300 m to the point of release from the site to the surface water. Once the breakthrough occurred to the marsh area, and subsequently to Chestnut Branch (and to the atmosphere), time of travel increases greatly (at stream velocity of about 7500 m/day and at lake velocity of about 150 m/day), and concentrations in the stream and lake rapidly reach steady state. Figure 8 shows 
Conclusions
The significance of hydrophobic organic chemical dose to humans can be related to the octanol water partition coefficient. This characteristic of chemicals is representative of the tendency for such chemicals to partition into organic carbon and lipid pools. Modeling the accumulation of such chemicals in aquatic systems indicates that for chemicals with log Kow greater than about 3, the dose to humans is almost entirely controlled by consumption of contaminated fish. Modeling of the accumulation of such chemicals is therefore necessary to predict the effectiveness of remediation programs on reducing chemical concentrations in the top predators of aquatic food webs. The dividing point of log K1( greater than about 3 is also significant in dividing organic chemical fate and transport between groundwater and surface water.
Thus, for chemicals with log Kw greater than about 3, groundwater transport is minimal because of the high partitioning to groundwater sorption sites. Similarly, detention times in groundwater for chemicals with log K less than about 3 are long and potentially suitable for bioremediation. Surface water, on the other hand, has a relatively short detention time and all chemicals move rapidly through such systems. As a result, the effect of biodegradation processes on the fate of organic chemicals in surface water is therefore small, although such processes may be important in aquatic sediments.
